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(54) Vehicle handling system 

(57) A vehicle handling system is provided for an au- 
tomated parking garage. The system includes a loading 
platform (22) dimensioned to support a vehicle, the load- 
ing platform including gratings (26) each formed by a 
plurality of spaced-apart, parallel bars (25). The system 
also includes a carriage (29) also formed with a grating 
having a plurality of spaced-apart, parallel bars (30), 
wherein the gratings of the loading platform and the car- 



riage are sized and configured to allow the bars of the 
carriage to pass between the bars of the loading plat- 
form. The system also includes a lifting mechanism for 
lifting a vehicle away from the loading platform. The lift- 
ing mechanism may be a stacker crane assembly (32) 
allowing both vertical and horizontal movement of the 
carriage or a robot trolley and lift assembty (50). The 
system may also include a turntable for changing the 
orientation of the vehicle within the garage. 
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Description 

This invention relates to an article handling system, 
more particularly a vehicle handling system for an auto- 
mated parking garage. 

Conventionally, a parking garage has a number of 
levels with ramps providing vehicular access between 
the various levels. These ramps take up a significant 
- amount of space in the parking garage which reduces 
the area available for parking bays. 

Automated parking garages have been developed 
which dispense with the need for ramps as lifts are used 
to raise and lower vehicles between the various levels 
of the garage, conventionally, each vehicle is placed on 
a pallet on its arrival at the garage, with the vehicle being 
moved and stored on this pallet while housed in the ga- 
rage. 

Two significant problems exist with the use of pal- 
lets in an automated parking garage. Firstly, sufficient 
pallets must be provided to correspond to the number 
of vehicles which can be housed within the garage and 
secondly, the pallets take up space within the parking 
garage. 

According to a first aspect of the invention there is . 
provided an article handling system, the article handling 
system comprising a loading platform comprising a plu- 
rality of spaced apart support members adapted to sup- 
port an article; a carriage comprising a plurality of 
spaced apart lifting members which are spaced comple- 
mentally to the spacing between the support members 
of the platform, thereby being adapted to pass upwardly 
between the support members of the platform and to 
support the article whilst it is lifted away from the plat- 
form; and lifting means operable to raise and lower the 
carriage relative to the platform. Preferably, the article 
handling system is a vehicle handling system for an au- 
tomated parking garage. 

According to a second aspect of the invention there 
is provides an automated parking garage comprising a 
building having a plurality of vehicle storage stations; a 
loading surface adapted to receive a vehicle entering 
the garage and to support the vehicle on its wheels; and 
a carriage adapted to pass upwardly through the loading 
surface and to support the vehicle whilst it is lifted away 
from the loading surface and into a selected vehicle stor- 
age station. Preferably, both the loading surface and the 
carriage have gratings comprising a plurality of parallel 
bars, the gratings of the loading structure and the car- 
riage, being sized and configured to allow the bars of the 
carriage to pass between the bars of the loading struc- 
ture. Typically, the garage includes a lifting mechanism 
for lifting a vehicle away from the loading surface to- 
wards the storage stations. The lifting mechanism may 
be a slacker crane assembly allowing both vertical and 
horizontal movement of the carriage or a robot trolley 
an:: lift assembly. The garage may include a turntable 
for changing the orientation of the vehicle within the ga- 
raqr- . 



According to a third aspect of the invention there is 
provided a method of manoeuvring vehicle into a select- 
ed storage station of an automated parking garage, the 
method comprising the steps of receiving a vehicle onto 
s a loading surface; supporting the wheels of the vehicle 
on the loading surface; transferring the vehicle from the 
loading surface to a carriage by passing the carriage 
through the loading surface; and moving the vehicle, 
whilst supported on carriage, into the selected storage 
10 station. Preferably, the method also includes the step of 
transferring the vehicle from the carriage to a storage 
structure provided in the storage station. 

Various embodiments of the invention are de- 
scribed in detail in the following passages of the speci- 
fy fication which refer to the accompanying drawings The 
drawings, however, are merely illustrative of how the in- 
vention might be put into effect, so that the specific form 
and arrangement of the features shown is not to be un- 
derstood as limiting the invention. 
20 FIG. 1 is a cross-sectional front elevation of an au- 
tomated parking garage according to the invention. 

FIG. 2 is a cross-sectional side elevation of the 
parking garage depicted in FIG. 1. 

FIG . 3 is a side view of a vehicle handling apparatus 
2S of the invention. 

FIG. 4 is a plan view of the apparatus depicted in 
FIG. 3. 

FIG . 5 is a side view of a carriage of a stacker crane 
associated with the apparatus of FIGS. 3 and 4. 
30 FIG. 6 is a plan view of the carriage depicted in FIG. 

5. 

FIG. 7 is a side view of the carriage depicted in 
FIGS. 5 and 6 in its extended condition. 

FIG. 8 is a partial front view of the automated park- 
35 jng garage with detailed sections of a vehicle stored 
within a station in the garage and a vehicle being raised 
on the stacker crane within the garage. 

FIG. 9 is a side view of the section of the automated 
parking garage depicted in FIG. 7. 
40 FIG. 10 is a plan view of a carriage and robot trolley 
system according to a second embodiment of the inven- 
tion. 

FIG. 11 is a front view of the carriage and robot trol- 
ley system depicted in FIG. 10 in a vertically extended 

45 and retracted condition. 

FIG. 1 2 is a side view of the carriage and robot trol- 
ley system depicted in FIG. 10 and 11 depicting the var- 
ious steps involved in depositing a vehicle onto the grat- 
ings of a storage bay. 

so FIG. 1 3 is a side view of the carriage and robot trol- 
ley system depicted in the preceding drawings with the 
separate drawings depicting the carriage extended to 
the left and the right of an aisle respectively. 

The automated parking garage 10 depicted in 

55 FIGS. 1 and 2 consists of a building having thirteen lev- 
els, with each level 12 having a number of bays 14 for 
the storing of vehicles. A central shaft 16 is provided 
which allows the vehicles to be raised, lowered and 
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moved horizontally on a stacker crane mechanism with- 
in the structure. 

On arrival of a vehicle 18 at the garage 10 the ve- 
hicle is driven through the entrance 20 and onto a turn- 
table 22 depicted in FIGS. 3 and 4. An L.E.D. display 
adjacent to the entrance to the garage indicates the 
number of vacant bays within the garage. This display 
is updated as a vehicle enters or leaves the garage. A 
convenient way of doing this is by means of an magnetic 
loop triggered as a vehicle passes through it. 

The turntable 22 has a false floor 23 which can be 
raised and lowered and a pair of gratings 26 extending 
transversely across the turntable 22. Each of the grat- 
ings is made up of a series of cantilevered parallel bars 

25 spaced apart from one another and supported at op- 
posed outer sides of the gratings. The pair of gratings 

26 are spaced apart so that they can receive the wheels 
of most passenger vehicles. A drive and bearing mech- 
anism 28 is provided beneath the turntable which allows 
the turntable, with a vehicle supported on the gratings 
26, to be rotated. 

The vehicle is driven onto the turntable 22 with its 
wheels positioned on the gratings 26. At this stage the 
size of the vehicle is checked to ensure that it can be 
accommodated within the garage and all passengers 
are requested to vacate the vehicle. Oversized vehicles 
which cannot be accommodated within the garage are 
at this stage excluded from entry into the garage. An 
infrared sensor may be used to ensure that no passen- 
gers inadvertently remain within the vehicle. The false 
floor is then lowered ready for the vehicle to be lifted off 
the turntable and housed in a storage bay of the garage. 

FIGS. 5 and 6 depict a carriage 29 which is used to 
manoeuvre the vehicle around the garage 10. The car- 
riage 29 is formed of a rigid welded frame which includes 
a grating having a series of bars 30 arranged in parallel 
alignment with one another. The sizing of the bars and 
the spacing between them is arranged to allow the bars 
30 to pass in an interdigitated fashion between the bars 
25 of the turnable gratings 26. In this way a vehicle which 
is supported on its wheels on the gratings 26 of the turn- 
table 22 may be lifted away from the turntable by pass- 
ing the grating of the carriage 29 through the gratings of 
the turntable 22 thereby transferring the vehicle from the 
turntable 22 to the carriage 29. Once on the carriage 29 
the vehicle is ready to be transported to its selected stor- 
age bay. 

The carriage 29 is mounted on a stacker crane 32 
for raising and lowering the carriage 29, with or without 
a vehicle supported on it, within the garage. The stacker 
crane 32 has a gantry which includes a pair of masts 36 
on which the carriage 29 can travel vertically. The masts 
36 are of robust construction, being formed of rigid box- 
section steel girder. 

The stacker crane 32 has a hoist drive 34 which pro- 
vides the lifting force necessary to lift the carriage, and 
any vehicle it may be supporting, into horizontal align- 
ment with the storage bay in which the vehicle is to be 
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stored. The carriage 29 is suspended from hoist ropes 
37 which are reeved around the drum of the hoist drive 
34 and which are guided in their longitudinal motion up 
and down the masts 36 by guide runners provided on 

s the masts. The longitudinal motion of the carriage up 
and down the masts is further guided by two sets of 
guide rollers 38 (FIG. 7) provided on the carriage. 

The hoist drive 34 in the illustrated embodiment of 
the invention consists of an AC motor and an enclosed 

10 reduction gearbox of the hollow hub type, fitted with a 
rope drum. The hoisting rope is reeved onto machined 
grooves provided on the rope drum, with the carriage 
29 being suspended from an opposite end of the hoist- 
ing rope. The rope anchorage between the hoisting rope 

15 and the carriage includes a spring and safety device 
which cuts the electrical supply to the stacker crane in 
the event of breakage or slackening of the rope. As a 
further precaution safety wedges are deployed by the 
stacker crane to prevent the carnage 29 from falling 

20 should the rope break or slacken. 

In addition to the lifting and lowering motion of the 
carriage within the gantry, the stacker crane 32 is pro- 
vided with a horizontal movememt mechanism. This al- 
lows the carriage 29 to be moved horizontally along an 

2S aisle of a particular level of the garage and into a position 
adjacent to a particular parking bay in which a vehicle 
is to be stored. 

The carriage is also provided with a third degree of 
freedom in its movement, namely an extending and re- 

30 tracting movement. This extending and retracting move- 
ment, which is best illustrated by reference to FIG. 7 in 
which the carriage is illustrate in its extended position, 
allows the carriage to deposit a vehicle in, or remove a 
vehicle from, a bay once the carriage has been posi- 

35 tioned in the required horizontal alignment with the bay. 
The extending and retracting motion may be in either 
direction away from the gantry allowing the carriage to 
be moved into bays on opposite sides of the gantry. The 
extending and retracting movement is also used to raise 

40 a vehicle off the turntable. 

Each of the bays 14 in the garage is provided with 
a pair of gratings 40 similar to those provided on the 
turntable. These gratings in the bays allow a vehicle 
supported on the carriage to be transferred from the car- 

45 hage to the gratings of the bay by passing the carriage 
downwardly through the grating. This procedure is re- 
versed when a vehicle is being collected from a bay by 
the carriage. 

When a vehicle is ready to be collected from the 
so turntable the carriage is called to collect the vehicle. The 
carriage is arranged in the required horizontal alignment 
with the turntable whereafter the lateral movement 
mechanisms extends the carriage under the gratings of 
the turntable. The carriage is then passed through the 
55 gratings of the turntable, thereby lifting the vehicle away 
from the turntable. The carriage is then retracted into 
the gantry of the stacker crane where it can be lifted to 
position the vehicle in the selected parking bay. Once 
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aligned within the bay the lateral movement mechanism 
extends the carriage into the bay and lowers the vehicle 
onto the gratings of the bay. The carriage is then retract- 
ed into the gantry of the stacker crane for further use. 

In order to retrieve a vehicle stored within the ga- 
rage the carriage is sent to the bay in which the vehicle 
is stored. At the bay the carriage lifts the vehicle off the 
bay gratings on which it is supported and retracts it into 
the stacker crane which lowers it down the shaft and 
back onto the turntable following the reverse steps to 
those which were followed when the vehicle was stored 
in the bay. 

Once the vehicle is on the turntable, the turntable 
is rotated through 180 degrees thereby facing the vehi- 
cle forwards out of the entrance through which the ve- 
hicle initially entered the garage. It will be appreciated 
that the turntable may be dispensed with if the design 
of the garage allows the vehicle to be driven out of the 
garage in a forwards direction without the orientation of 
the vehicle having to be rotated from its orientation on 
the stacker crane. 

The position of the carriage within the garage is 
monitored at all times by means of sensors, with linear 
encoders being positioned along the length of the gantry 
of the stacker crane an along the aisles between the 
bays on each level. Position ins flags are placed at each 
storage bay to define the exact stopping position of the 
crane. In addition, at each end of the aisle on each level 
a series of control flags are arranged to act as deceler- 
ation checks to ensure that the crane slows down at the 
correct rate towards the end of the aisle. 

Many different types of safety features are built into 
the operation of the garage so as to prevent damage to 
vehicles housed within the garage. One such safety fea- 
ture is the inclusion of vehicle size and centre position 
control cells which stop the operation of the stacker 
crane in the event of an abnormal condition occurring 
during vehicle handling. Similarly, "location occupied" 
cells indicate the presence of a vehicle within a particu- 
lar bay which prevents a vehicle being loaded into a bay 
which is already occupied. 

It is envisaged that the entire automated garage 
may be automated to avoid the necessity of manual con- 
trol over the allocation of available bays and the opera- 
tion of the lifting and storing equipment in the garage. 

According to a second embodimemt of the invention 
a robot trolley and vertical lift assembly replace the 
stacker crane mechanism described in the previous em- 
bodiment. The robot trolley is used to transport the car- 
riage horizontally along the aisles of the garage. The 
carriage and robot trolley system is depicted in FIG. 10. 

Referring to FIG. 1 0, the robot trolley 50 travels onto 
angle iron rails between the vehicle parking bays 54 lo- 
cated on opposite sides of the garage. The trolley is 
powered by a set of three phase bus bars 56 on one 
side of the trolley and a set of brushes 58 on the opposite 
side of the trolley for communications between the trol- 
ley and the central control system of the garage. 



The trolley carries a transponder system which 
reads static tags mounted on each storage bay in order 
to determine the position of the trolley within the garage 
structure. The trolley sends an update of its position as 
s it travels through the rack structure to the central control 
system of the garage. 

When the trolley arrives at a selected storage bay, 
hydraulic shot-pins are inserted into the rack structure 
to ensure accurate alignment of the carriage with the 
rack structure. 

The robot trolley travels on sixteen polyurethane 
covered wheels, all of which are driven and guided be- 
tween the rack structure by eight side guide rollers. Two 
drive motors 60, of 2.2 Kw each, drive the trolley at a 
maximum speed of 60 meters per minute. 

Two photo cells, one on each side of the trolley, 
when activated, switch the trolley to a slow speed mode, 
whilst another two sensors stop the drive when activat- 
ed. The drive motors, hydraulic power pack for the shot- 
pins and the electrical control system are all incorporat- 
ed into the underside of the robot trolley. 

All movements of the trolley are controlled by an on- 
board PLC, a communications link with the PLC being 
used to action a deposit or retrieval operation of the car- 
riage into a storage bay and to instruct the robot trolley 
to travel to a selected position adjacent to a storage bay 
The trolley in turn instructs the central control system of 
the garage with its latest position as well as fault infor- 
mation. The trolley position within the storage rack is 
identified by a transponder system which reads tags po- 
sition on the storage bays. 

Two photo cells are mounted on opposite ends of 
the carriage to check that the storage bay is empty be- 
fore attempting to locate a vehicle into the storage bay. 
This prevents the possibility of double parking and dam- 
age to vehicles. The action of the carriage for transfer- 
ring a vehicle from a carriage into a storage bay is illus- 
trated by reference to FIGS. 11 and 12. Once the robot 
trolley is positioned adjacent to the selected storage bay 
the shot-pins are inserted into the storage rack as de- 
scribed. 

Referring to FIG. 11 the carriage includes a scissor 
lift 70 for raising and lowering the grating of the carriage 
on which the vehicle is supported. FIG. 11 depicts the 
scissor lift in both its retracted and its extended condi- 
tions. 

Referring to FIG. 12, once the robot trolley is posi- 
tioned adjacent to the selected storage bay the scissor 
lift elevates the grating on which the vehicle is support- 
ed. If the vehicle is to be located in the storage bay on 
the right hand side of the aisle, the shot-pins on the right 
hand side of the robot trolley are retracted. The pinion 
drive is then energized to push the scissor lift assembly 
of the carriage towards and into the storage bay. Two 
sets of track runner bearings guide the carriage in the 
rack structure. This is depicted in step III of FIG. 12. 

When the carriage reaches the extended position 
depicted in step IV of FIG. 1 2 the shot-pins are extended 
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to align the carriage with the fixed grating structure of 
the storage bay. The scissor lift is retracted thereby low- 
ering the vehicle onto the grating of the storage bay. This 
is depicted in step V of FIG. 12. 

Once the scissor lift is in its retracted position the 
carriage is retracted from the storage bay, This step 
completes the process of depositing a vehicle into a 
storage bay. 

According to this embodiment of the invention, on 
arrival of a vehicle at the garage it is driven through the 
entrance and onto the turntable as with the previously 
described embodiment. Thereafter, the shot pins are en- 
gaged and the arms of the scissor lift are extended be- 
low the grating of the turntable. Once in this fully extend- 
ed position the carriage lifts the vehicle from the grating 
of the turntable up to a required height above the turn- 
table. The robot trolley then retracts the arms of the scis- 
sor lift to within the confines of the aisle. 

After confirmation of a successful loading of the ve- 
hicle by the on-board PLC of the robot trolley, the man- 
agement system of the garage issues a delivery instruc- 
tion consisting of the address of a specific storage bay 
within the garage and designating a lift and robot trolley 
for the procedure. 

The main PLC of the garage management system 
then requests a lift for the required transfer. The robot 
trolley proceeds towards the specified lift, where on ar- 
rival the robot trolley follows the loading procedure and 
transfers the vehicle to the vehicle lift. The vehicle lift 
then proceeds towards the level at which the designated 
storage bay is situated once confirmation has been re- 
ceived that the robot trolley has completely the loading 
procedure and that the pick-up arms of the scissor lift 
have been retracted. Once height confirmation of the ve- 
hicle lift is received, the trolley starts with the unloading 
procedure. After loading has been completed the robot 
trolley proceeds towards the location of the designated 
storage bay. 

On arrival of the robot trolley at the designated stor- 
age bay, the storage bay position is confirmed and off 
loading of the vehicle can proceed. The robot trolley ex- 
tends the lifting arms of the scissor lift to the fully ex- 
tended position and lowers the vehicle onto the grid 
within the storage bay. The lifting arms then retract with- 
in the confines of the aisle to complete the transfer. The 
main PLC informs the management system that the 
docking of the vehicle has been successful. The man- 
agement system completes the transaction by indicat- 
ing that the booked location is in fact the final destination 
for that vehicle and all relevant data associates with the 
vehicle is stored together with the final destination. 

The vehicle retrieval process is essentially the re- 
verse of that described above. 



Claims 

1. An article handling system comprising: 



a loading platform (22) having a plurality of 
spaced apart support members (25) adapted to 
support an article; 

a carriage (29) including a plurality of spaced 
s apart lifting members (30) which are spaced 

complementally to the spacing between the 
support members (25) of the loading platform 
(22), thereby being adapted to pass upwardly 
between said support members of the loading 
10 platform and to support the article whilst it is lift- 

ed away from the loading platform; and 
lifting means (32) operable to raise and lower 
the carriage relative to the loading platform. 

is 2. A system as in claim 1 , wherein the article handling 
system is a vehicle handling system for an automat- 
ed parking garage. 

3. A system as in claim 2, further comprising an auto- 
20 mated parking garage including a building having a 

plurality of vehicle storage bays, said loading plat- 
form being adapted to receive a vehicle entering the 
garage and to support the vehicle on its wheels, and 
said carriage being adapted to pass upwardly 
25 through the loading platform and to support the ve- 
hicle whilst it is lifted away from the loading platform 
and into a selected vehicle storage bay. 

4. A system as in any of the preceding claims, wherein 
30 both the loading platform and the carriage have 

gratings comprising a plurality of parallel bars, the 
gratings (26;30) of the loading platform and the car- 
riage being sized and configured to allow the bars 
of the carriage (30) to pass between the bars (29) 
35 of the loading platform. 

5. A system as in claim 4, wherein the grating of said 
carriage is formed of rigid bars which extend across 
the width of the grating. 

40 

6. A system as in claim 4, wherein the bars forming 
the grating of said carriage are immovably mounted 
to said carriage. 

45 7. a system as in any of the preceding claims, wherein 
the lifting means is a stacker crane assembly (32) 
allowing both vertical and horizontal movement of 
the carriage (29) or a robot trolley and lift assembly. 

50 8. A system as in any of the preceding claims, wherein 
the loading platform includes a turntable (22) for 
changing the orientation of the vehicle within the ga- 
rage. 

55 9. a method of manoeuvring a vehicle into a selected 
storage station of an automated parking garage us- 
ing any of the systems set forth in the preceding 
claims, the method comprising the steps of receiv- 
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ing a vehicle onto a loading platform; supporting the 
wheels of the vehicle on the loading platform; trans- 
ferring the vehicle from the loading platform to a car- 
riage by passing the carriage through the loading 
platform; and moving the vehicle, whilst supported 5 
on the carriage, into the selected storage bay. 

10. A method according to claim 9, further including the 
step of transferring the vehicle from the carriage to 
a storage structure provided in the storage bay. io 
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